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Abstract 
The study of urban storm flood is significant to improve the efficient use of rainfall resources and regional water 
stress conditions. From the perspective of the use benefits of storm flood resources after the urbanization of 
Shijiazhuang City, this paper used methods of calculation and analysis to analyze the potential of storm flood 
resources use. The results show that the collection and use as well as the integrated management of storm flood has 
become an important subject of increasing income and reducing expenditure for Shijiazhuang, which conforms to the 
concept of sustainable development and is an area with great potential for development.  
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1. Main text  
The world's total water resources volume is of 1.386 billion km3, but fresh water resources account for 
only 2.53% of total water resources. As a non-renewable resource, water resource, especially freshwater 
resource, is one of the world's major crises facing the 21st century. Great changes will occur to regional 
water regimen when affected by human factors, while urban storm water is effective source of water for 
adding urban groundwater and ecological water use of the urban environment. However, due to changes 
in regional runoff conditions after the urbanization, the surface runoff increases. On the one hand, it 
contributes to urban storm flood, on the other, resulting in the increase in regional water tension. Owing to 
various reasons, this part of resources after urbanization is wasted.  
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Shijiazhuang city is short in water resources, and currently the city's annual water shortage is about 
1.04 billion m3. Even though water diversion project is completed, the city's water shortage rate still 
reaches 17.1%. Over the years, groundwater and the expense of environmental water is mainly utilized to 
maintain water supply and demand balance, resulting in year-round continuing decline of groundwater 
levels because of over-exploitation. [1] 
To solve the water shortage problems, water conservation, pollution control, inter-basin water transfer 
and other measures have been studied and applied, but there are limitations, such as high cost, potential 
impact on the ecological environment, etc., and the limited amount of water cannot fundamentally solve 
the water scarcity in an arid city as Shijiazhuang. Therefore, the use of local rainwater resources at low 
cost is necessary, but also one of the major aid measures to reduce the local storm flood problem. 
2. Storm flood and hydrological problems caused by urbanization  
Since Hebei provincial government put forward "three-year huge change" strategy, Shijiazhuang City 
has quickly set off a new upsurge of urbanization, mainly in urban landscapes and drainage systems 
change, which is bound to exert impact on the local surface runoff characteristics. From the hydrological 
point of view, this article mainly shows the characteristics in the following aspects: 
(1) To construct a large scale of houses and pave roads, so that the permeability of the underlying 
surface is not greatly increased, resulting in reduced water infiltration and the increase in surface runoff, 
total runoff and the peak flow. 
(2) Building a pipe network of urban drainage system and increasing capacity of urban drainage to 
make storm runoff discharged as soon as possible to the nearest local receiving water body. On the one 
hand, the original subset region shape of the city has changed, and on the other hand, flow pattern of 
urban runoff, flood hydrograph shape and peak flow are changed, which is characterized by increased 
flooding speed of convergence and more concentrated magnanimity. 
(3) Regulating and alternating the city water catchment may fill or build some new drainage channels 
and water storage pond. The renovation is characterized by a straight line of water course, regularization 
of cross section, trapezoidal or rectangular shape and the slope lined with brick, so the main channel 
cross-section of the water course increases and the roughness decreases. The increased conveyance 
capacity of the water course makes the flood volume concentrated, leading to reducing of rain water 
retention time and water infiltration as well as the increasing of the flood volume.  
(4) To establish various types of controlled urban river dam for artificial regulation. The regulation 
both needs to take into account the principle of civilian and industrial water needs, but also requirements 
of beautifying the city and the drainage and flood control, which will undoubtedly affect the urban runoff 
process. [2]
In summary, the urbanization has changed the original natural runoff characteristics, leading to 
decrease of infiltration capacity and underground runoff and increase of total runoff, surface runoff, and 
peak flow. 
In order to drain away rainwater runoff quickly to avoid affecting urban life and production, water 
pipes, storm water pumping stations and the capacity and transmission capacity of other drainage facilities 
are constantly increased, which give rise to increase of urban construction and operating costs. Therefore, 
for one thing, there is a serious shortage of urban groundwater supply, and for another, it requires a large 
drainage system to discharge growing rainwater runoff out of the city. The expense of storm flood 
resources development and utilization brings on the flow away of valuable water resources.  
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3. Benefit analysis model of storm flood resource use 
3.1. Storm flood is water resource 
Over the years, human beings do not form a systematic and comprehensive awareness of storm flood 
resource. We one-sidedly believe that flood is a natural disaster and security is the only consideration. We 
should discharge it as soon as possible into the sea for safety, failing to see it as a resource to take 
advantage of and to play its positive side for the human community. Flood possesses the dual properties of 
damaging and profiting. It is not only a resource, but also an important basis, strategy and economic 
resources, which has the general properties of water resource. 
3.2. Simple treatment process and low cost of rainwater  
The main impurities in rainwater are some dust in the air, ground and air pollutants, which are 
concentrated in the early rainfall. Therefore, the use of first flush on early rainwater can remove most of 
pollutants in the runoff, including fine or dissolved contaminants [4]. Rainwater removal of the early 
rainwater is relatively clean, close to the water standards of city flushing, greening and other 
miscellaneous use, and it can be used after simple processing. Compared with wastewater treatment and 
reuse, rainwater utilization is characterized by small investment, relatively simple operation and post-
maintenance and low cost. For example, a rainwater utilization project in Beijing, the capital investment 
of rainwater collection is less than 200 Yuan / m3, with operating costs less than 0.1 Yuan / m3. However, 
the investment of the wastewater treatment project is large, generally ranging from 1,400 to 2,500 Yuan / 
m3, with operating costs of 0.4 to 0.8 Yuan / m3 [5], and the current water sewage treatment fee for 
residents of Shijiazhuang city is 0.6 Yuan / t (national Development and Reform Commission price 
Monitoring Center, June 2007). Therefore, water resource utilization is more feasible in contrast to 
wastewater reuse. 
Table 1 Comparative analysis of storm flood resources around the Urbanization in Shijiazhuang
Year 2006 2020 
Population (ten thousand) 216 304 
Building sites area F (ten thousand km2) 229 455 
Water deficit(100Million m3) 2.24 4.64 
mm-The annual average rainfall P (mm) 534.6 534.6 
Total rainfall W (100 million m3) 1.22 2.43 
Runoff coefficient(α ) 0.40 0.90 
Approaches to rainwater utilization 
spend huge sums 
of money to drain
away through the 
drain system 
through the use of regulation and storage system, changing 
the traditional design methods such as reducing the green 
belt level, promoting seepage-type paving bricks, and 
changing the engineering mode of seepage prevention 
-Rainfall losses 1W (100 million m3) 0.73 0.24 
Storm flood volume 2W (100 million m3) 0.49 2.19 
water usage fee (Yuan /m3) 2.63 2.63 
Economic value(100million) 1.29 5.76 
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4. Benefit analysis of storm flood resource use  
4.1. Economic benefits 
Based the overall urban planning in Shijiazhuang City from 2005-2020[3], the objective economic 
benefits of the Shijiazhuang urban storm flood resources before and after urbanization are analyzed and 
calculated, as shown in table 1. 
Based on the following formula pFW ⋅= , )1(1 α−⋅⋅= pFW and α⋅⋅= pFW2 [6], the 
economic value = water usage price × 2W , and the corresponding data in table are analyzed and calculated. 
According to data analysis in Table 1, it is known that population growth, economic development, and 
water resources gap in Shijiazhuang will be significantly increased after urbanization. If the water 
resources after urbanization can be fully utilized, it can greatly ease the urban water shortage problem and 
the dependence on groundwater and external water transfer is also reduced. For example, the bottleneck of 
water scarcity in 2020 was 464 million m3, almost twice that in 2006. The traditional method is to spend 
huge sums of money to drain away the rain runoff through a pipe and after urbanization, through the 
regulation and storage system, to change the traditional design methods such as reducing the green belt 
level, promoting seepage-type paving bricks, and changing the engineering mode of seepage prevention to 
utilize storm flood. Rainfall losses are significantly reduced, the availability of rainwater resources is 219 
million m3, accounting for 50% of water resources, which can greatly alleviate the water shortage.  
In accordance with the standard price (2.63 Yuan / m3) in Shi jiazhuang of 2006, it is estimated that 
rain water resources collected in 2020 are at least equivalent to RMB 576 million, 4.5 times of that in 
2006, with enormous economic benefits of the storm flood resources. 
4.2. Environmental efficiency 
The over-exploitation of groundwater, 134,980,000 m3 in 2005, has resulted in the groundwater 
recession in Shijiazhuang. In recent years, with the implementation of reinforcement and seepage-
proofing project of auxiliary dam in Huangbizhuang reservoir, the descent speed of water level in the 
funnel center has increased from 1.37m/a to 1.94m / a 【3】. The settlement funnel scope continuously 
expands, coupled with the serious houses collapse caused by land subsidence. Therefore, the underground 
water recharge using the rainwater in the flood season is of great practical significance. 
Rainwater utilization in is to process the collected rainwater until it reaches a certain water quality 
standards, then being used for the city clean, green, road spraying, fire protection, maintenance of urban 
water landscape, the tertiary industry water use, such as vehicle cleaning, and other life water use, such as 
cleaning. Therefore, the collection and proper treatment of urban water can ease the water crisis to a 
greater degree.  
The data show that: the water quality in China's urban areas is generally poor and surface water has 
been severely polluted, so the water quality of the vast majority of rivers cannot meet its functional 
requirements. Excavating artificial lakes with a certain volume or widening and deepening the existing 
rivers can retain a lot more high-quality water, which can not only prevent flood, but also dilute water, 
thus improving the water self-purification capacity and improving surface water quality. 【5】
In summary, the urban rainwater utilization benefits both economics and environment in solving the 
geological disasters such as land subsidence, cracks and so on, water pollution prevention, flood 
prevention, etc. So it is the effective way for the sustainable development of water resource.  
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5. Conclusion 
For an arid city like Shijiazhuang, the rainwater utilization is necessary and urgent after the 
construction of urbanization. The collection and use as well as the integrated management of storm flood 
has become an important subject of increasing income and reducing expenditure for Shijiazhuang, which 
conforms to the concept of sustainable development and is an area with great potential for development. 
How to reasonably use storm flood resources is a problem that needs urgent study and solutions. 
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